Enhanced by the KDEL Ligand FRET was also indicated by sensitized emission mea- Aoe et al. (1997) have shown by a coimmunoprecipisured by spectrofluorimetry in bulk-cell experiments tation approach that ERD2 can interact with an ARF (Figure 1D, right) . The FRET signal of expressed FCC I GTPase-activating protein (ARFGAP). But does such an remained constant over the observation time (up to 120 interaction also take place in the live cell, and if so, is min), indicating that cleavage did not occur. FCC II, it affected by increased ligand binding to ERD2? Under which contained a proteolytic cleavage site for Golgiconditions of moderate overexpression of ERD2-CFP resident protease, initially exhibited a similar degree of (up to 6 hr after transfection), the KDEL ligand CTX-K63 FRET as FCC I, but ‫6ف‬ hr after transfection, a measurinduced a strong interaction between ARFGAP-CFP and able portion of FCC II had become cleaved as seen from ERD2-YFP 30-60 min after the start of CTX-K63 uptake, the appearance of a CFP peak ( Figure 1D, right) .
as indicated by an increase in sensitized emission in We expressed pairs of functionally unrelated fusion single-cell experiments ( Figure 3A) and by a strong doproteins as negative FRET controls. We chose the comnor dequenching after acceptor bleaching ( Figure 3B (Figure 2A) . Moreover, when analyzed no later than 6-8 hr after transfection, the distribuIncreased Interaction between ARF1 and ARFGAP tion of the ERD2 fusion proteins was very similar to that following Ligand Binding to ERD2 of the endogenous wild-type ERD2 (data not shown).
Our results indicate the formation of a budding complex When analyzed 6 hr after transfection, the internalized in the Golgi, which includes occupied oligomerized KDEL ligand CTX-K63 induced a transient increase in ERD2, ARF1, and ARFGAP. This is strongly supported FRET between ERD2-CFP and ERD2-YFP in single-cell by experiments with cells coexpressing ARF1-CFP and experiments ( Figure 2B ). Dequenching of donor fluorescence after acceptor bleaching indicated in each case ARFGAP-YFP for no more than 5-6 hr; while FRET sigthat the measured sensitized emission had indeed renals between the two fusion proteins were weak or absulted from FRET ( Figure 2D its sorting into retrograde COPI vesicles. A physiological and p24. This could potentially appear to conflict with role of such a mechanism could clearly be to assist "ER our observation that p24a but not p23 interacts with quality control" (e.g., via the recycling of BiP and other ARFGAP. However, it is possible that ARFGAP interacts KDEL proteins involved in this process), especially in only with free or homooligomerized p24a, but not with situations of increased cellular stress (Hammond and free or homooligomerized p23. The preferential interaction of p24a with ARFGAP seems to be specific, as in Helenius, 1995).
Experimental Procedures Fluorescence Spectrophotometry
Cells were washed with PBS, scraped from the plate, and suspended in 37 o C warm PBS to a final concentration of ‫51-5ف‬ ϫ 10 7 cells/ml. Microscope Setup MMM experiments were carried out as described previously (BewImmediately thereafter, emission spectra of the cell suspensions were measured in a Fluoromax 2 spectrofluorimeter using excitation ersdorf et al., 1998; see Supplemental Figures S1A and S1B) using a mode-locked titanium:sapphire laser (Mira 900-F, Coherent) proat 425 and 498 nm. FRET was estimated as sensitized emission of the YFP from the increase of the fluorescence intensity ratio 526 viding 140 fs pulses at a repetition rate of 76 MHz with ‫2ف‬ W average power ( ϭ 800 nm). The Ti:sapphire laser was pumped by a large nm/474 nm upon excitation at ex ϭ 425 nm. Effects of cell sedimentation over the time needed to register a spectrum were negligible. frame Ar-Kr-Ionlaser (INNOVA 410, Coherent). The beam was expanded by a zoom telescope and passed through an edge filter For measuring effects of CTX-K63, the cell layer of a culture plate was divided into the appropriate number of segments. Cells from (OG550, Schott), which removed residual emission in the visible the first segment served as untreated controls and were prepared spectrum. The beam then impinged onto a rotating microlens disk for spectrofluorimetry as given above. Subsequently, the remaining described elsewhere in detail (Bewersdorf et al., 1998; segments were treated in a pulse-like fashion with 1 g/ml CTXHell, 1998). The microlenses were arranged in such a way that the K63 as described previously (Majoul et al. 1996 (Majoul et al. , 1998 
